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This invention relates to the production Of off- 
soluble phenolic resins, and to new off-soluble 
phenolic resins. 
It bas been known that off-soluble resins Can 
be prepared by condensing aldehydes with puri- 
fied aralkyl phenols. These latter materials can 
be produced by the condensation of styrene or 
styrene delivatiies with phenol, as is described in 
U. S. Patents 2,247,402 and 2,247,403 issued July 
1, 1941 fo Perkins and Bryner. In order fo pro- 
duce off-soluble phenolic resins by such known 
methods it has been necessary to .condense pure 
aralkyl phenols with aldehydes; thus, aralkyl 
phenols produced by the method of U. . Patents 
2,247,402 and 2,247,403 must be purffied belote 
they can be used by known methods to produce 
off-soluble phenolic resins. It.has hot been known 
that off-soluble resins can be produced by react- 
ing an aldehyde with the unseparated product 
of the reaction of a phenol .with styrene or a 
substituted styrene. The present invention is 
based upon the discovery that if is possible fo 
react styrene, or one of certain styrene .deriva- 
rives, with a phenol and then to add an alde- 
hyde fo the unseparated reaction products, which 
include an aralkyl phenol, to produce.anoil-solu- 
ble resin. 
The principal object of the invention is t0 pro- 
duce an off-soluble phenolic resin. Another öb- 
ject of the invention is to provide novel-oil-solu- 
ble phenolic resins.  
In accordance with the invention about one 
mol of a 2-aryl-l-alkene is condensed with a mix- 
ture of 0.7 mol of phenol or a meta-substituted 
phenol.and a stron mineral-acid catalyst, whi6h 
mixture is at a. temperature between about 20 ° C. 
and about 250 ° C.. When the reaction beween 
the 2-aryl-l-alkene and the phenol is completed, 
an aldehyde and a condensation catalyst'are add- 
ed to the unseparated reaction products and con- 
densation polymerization of the resulting mix- 
ture to an off-soluble phenolic resin is allowed fo 
proceed. 
The 2-aryl-l-alkene that.is usedin the prac- 
tice of the invention has from eight to twelve 
carbon atoms. The aryl substituent is mono- 
nuclear, has from six to ten carbonatoms, and 
has not more than two substituent% each of which 
is an alkyl radical (i. e., the 2-aryl-l-alkene is 
one in which the alkene has from two to six 
carbon atoms and the aryl group is a phenyl or 
a mono- or di-alkyl substituted phenyl radical 
having not more than four carbon atoms in the 
alkyl-substituents). The preferred -aryl-1- 
alkene is styrene» because :of its cost advantage 

OFFICE 

2 
and °availaility. Other 2aryl-l-alkenes include 
alpha methylstyrene, alpha-ethylstyrene, alpha- 
methyl-p-methylstyrene, o-methylstyrene, 
methYlstyrene, p-methylstyrene, o-ethylstyrene, 
 m-ethylstyrene ad p-ethylstyrene. These 2- 
 aryl-l-alkenes Ott/er than styrene are substituted 
styrenes; other substituted styrenes having not 
more than three alkyl substituents each in an 
alpha, ortho, meta or para-position can be used, 
10 provided the total number of carbon atoms in 
such substituents doesnot exceed four. 
The phenols that are used in the .practice of 
the invention are mononuclear monohydric 
phenols containing a total of-not moe than ten 
1 carbon atoms, any substituent being an alkyl rad- 
i.cal in a meta position. SuCh phenols have not 
more-than two substituents containir a total of 
not more than four carbon atoms, and no carbon 
atom other than one in the meta position is sub- 
20 stituted. Examples of such phenols include 
phenol, m-cresol, .m-ethylphenol, m-xylenol and 
3,5-diethylphenol. Unsubstituted phenol, be- 
cause of .ia cost advantage, is the preferred 
phenol. 
2 Formaldehyde for the condenstion of the 
phenolstyrene addition product can be ruade 
available from formalin, an aqueous solution of 
formaldehyde which is the most abundant and 
economical form of formaldehyde, from para- 
30 formaldehyde, from hexamethylenetetramine, or 
from any of the other usual formaldehyde 
sources. 
In eneral, the reaction bètween a phenol and 
an aldehyde is understood fo involve the ortho 
3 and para positions in hé phenol radical unless 
these positions re blocked by some substituent; 
therefore, when phenol .ikself is reacted with an 
aldehyde there are three-reactive points, imely, 
the two ortho positions and the one Para post- 
40 tion, and insoluble cross-linked resins aref0med. 
Vhen the para position is blocked, e. g., when  
styrenated phenol is used, there are onlytwo re- 
active points, and straiht chain polymers are 
believed to result. The chain compounds bave 
4 the désired oil-solubility when the para substitu- 
ent is styryl or a simple styryl derivative. Sub- 
stitution of phenol in the two meta positions, in 
the absence oï steric hinderance, does not inter- 
fere with resin formation. Accordinly, phenol 
0 and phenols that are alkyl substituted in the meta 
position are equivalents vis a vis the process oï 
he instant invention. 
The condensation or aralkylation, reaction be- 
tween .a 2-aryl-l-alkene .and a mononuclêar 
 monohydric phenol is believedto .pr0ducë, 
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clpally, para-substituted phenols, although com- 
paratively small amounts of a mono-ortho sub- 
stituted product, as well as a small amount of a 
di-substituted product, and a trace of a tri-sub- 
stituted product probaby result. Such products 
are herein called "aralkyl phenols". The prin- 
cipal formaldehyde condensation reaction is, 
therefore, believed fo proceed with a para-sub- 
stituted phenol fo produce a long-chain material; 
phenots having two of the ttu'ee ortho and para 
positions blocked by substituents ma.y well serve 
to end block such long chains. 
The long chain resins that result when a mono- 
nuclear monohydric phenol and a 2-aryl-l-alkene 
are condensed according fo the process of the 
invention and the crude products oî the con- 
densation reaction condensed with formaldehyde 
are off-soluble. 
Off-soluble resins are useful in the varnish in- 
dustry as additives, or bodying agents, for drying 
ofls. In order fo be effective as a drying off addi- 
tire a resin must be soluble in the off and must 
bave viscosity characteristics such that handting 
oî the resin is îeasible. A resin can be handled 
.atisïactorily eitler iï it is a solid that can be 
broken to a desired size range or iî it is a liquid 
that can be poured. I-Iowever, if is hot feasible 
to produce liquid aralkyl phenot-formaldehyde 
resins as additives for drying oils. Such resins 
are liquid only if their average mo!ecular weight 
is sufficiently low that desirabte finish materials 
do not result when they are used as additives 
îor drying ofls. The average molecular weight 
of aratkyl phenol-ïormaldehyde resirs produced 
ïrom the crude reaction products of the aralkyla- 
tion condensation is a direct ïunction oî the ratio 
of phenol fo styrene used in conducting the 
aralkylation. Accordingly, tow molecular weight 
(liquid) aralkyl phenol-formaldehyde resins are 
ioroduced by utflizing a low ratio of phenol to 2- 
aryl-l-alkene in the aralkylation condensation. 
If the ratio of phenol to 2-aryl-l-alkene is in- 
cre«sed the average molecular weight and the 
viscosity of the final aralkyl phenol-formaldehyde 
ïesin are likewise increased. However, beïore the 
ratio of phenol fo 2-aryl-l-alkene is increased 
sufficiently that the final resin is usefuI îor body- 
ing drying oils, a material having a viscosity 
too high for cconomicat handling on a commer- 
cial basis results. If the ratio of phenol fo styrene 
is further increased, the final resin is insoluble 
in drying oils and in organic eolvents such as 
toluene. 
For example, iî a styrenated phenol is produced 
by condensing about 0.65 mol of phenol per mol 
of styrene, the resin produced by condensing the 
crude product of the styrenation reaction with 
forma!dehyde is a viscous mess that cannot eco- 
nomically be used as an additive ïor drying ofls. 
If a styrenated phenol is produced by condensing 
about 0.75 mot oï phenoI per mol of styrene the 
resin produced by condensing the cïude reaction 
products with formaldehyde is a solid material 
that is insoluble in èzying oils. When, however, 
an aralkyl phenot is produced by causing con- 
densation of about 0.7 mol of a mononuclear 
monohydric phenol with one mot of a 2-aryl-!- 
alkene, the resin that results by condensing the 
crude reaction product with ïormaldehyde is a 
solid that can be comminuted to a desired size 
range and dissolved in a drying off to improve 
the characteristics thereoï. 
Both the aralkylation and the condensation 
ïeactions must be conducted in the presence of a 
catalyst. A strong mineral-acid such as hydro- 
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chlorlc, hydrobromic or phosphoric acid, may be 
used as the catalyst for the aralkylation reac- 
tion, the two first named being preferred. The 
amount of catalyst that is used is usualty from 
about 0.02 per cent fo about 2.5 per cent of the 
phenot and prgfeably about 0.05 fo about 1 per 
cent. The terres "parts" and "per cent" are used 
herein to mean parts and per cent by weight 
unless otherwise indicated.) 
10 The condensation reaction between, the crude 
aralkyl phenoI and ïormaldehyde is also con- 
ducted in the presence of a catalyst. There may 
be used either an acid catalyst or a basic catalyst 
in an amount nsual for the condensation of a 
15 substituted pherfol with an aldehyde. When an 
acid catalyst is used if may be any of those in- 
dicated above as also operable in the aralkylation 
reaction. When a basic catalyst is used any of 
the ordinary basic catalysts for the condensation 
2O of phenol with an aldehyde may be used, e. g., 
NaOH, KOH, NH4OH, and the lfle. When an 
acid catalyst is used or the condensation reac- 
tion if is usually desiïable that the amount of 
the acid catalyst added be ai least about equal ço 
25 the arnount of acid catalyst used for the aralkyl- 
ation reaction but hot more than about five rimes 
that amount. It is ordinarily preferable that the 
amount of acid be ïrom about two fo about four 
rimes the amount added for the aralkylation reac- 
3O tion. When a basio catalyst is uoed for the con- 
densation reaction the acid catalyst present from 
the aralkylation reaction mnst first be neutralized, 
and then sufficient basic catalyst must be added 
for the reaction. Usuatly if is desirable that the 
35 total number of mols of basic catalyst, in addi- 
tion fo the amount added fo neutralize the 
aralkylation catalyst, be ai !east equal to the 
total number of mols of acid catalyst added for 
the aralkylation reaction, but hot more than 
40 about rive rimes the number of mols of acid cata- 
lyst added. Odinarily, it is preferable that the 
total number of mols of basic catalyst added, 
after the excess acid has been neutralized, be 
ïrom two fo about four rimes the total number 
45 oï mois of acid catalyst added for the aralkyla- 
tion reaction. 
Aralkylation is advantageously conducted ai 
a temperature between about 20 ° C. and about 
250 ° C., preïerab]y ai a ternperature between 
5O about 120 ° C. and about 150 ° C., the exact tem- 
perature employed depending upon the matmials 
used. In condensing a 2-aryl-l-alkene with a 
phenol it is desirable to avoid high concentra- 
tions of 2-aryl-l-alkene in the course of the 
55 aralky!ation reaction, becanse poly-aralkylation 
is likely when the concentration is high, and 
because 2-aryl-l-alkenes polymerize readily in 
the presence of strong mineral acids. Accord- 
ingly, if is usul]y desirable to add the 2-aryl-1- 
0 alkene to a mixture of the phenoI or m-substi- 
tuted phenol with the acid catalyst; the mixture 
is stirred during this addition to avoid high local 
concentrations of 2-aryt-l-alkene. The rate ai 
which 2-aryl-!-alkene is added to the mixture 
65 depends upon the temperature of the mixture, 
but if is usual!y desirable that the 2-aryl-1- 
alkene be added in hot less than about two hours, 
and preferable that if be added in hot less than 
about two and one-half hours. Ordinarily there 
Y0 is no reason to add the 2-aryl-l-atkene in more 
than about five hours, and longer addition rimes 
are economicat]y disadvantageous. If is usually 
preïerable that the 2-aryl-l-alkene be added in 
hot long'm" than about three hours. VoEhen the 
7 atdehyde used is added in the form of an aqueous 
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solution (e. g. formalin) the condensation re- 
action is preferably conducted af a temperature 
lower than the boffing temperature of water. 
This is true because it is ordinarfly economically 
advantageous hot to conduct the reaction under 
super-atmospheric pressure (or under vacuum) 
and if is desirable to avoid distilling appreciable 
amounts of water during the condensation re- 
action. Although condensation may be accm.- 
plished af temperatuïes as low as about 30 ° C., 
it is desirable that the condensation reaction 
be conducted af a temperature of af least about 
50 ° C. Ordinarily it is not advantageous to con- 
duct the condensation at a temperature higher 
than about 100 ° C. The rime required for the con- 
densation reaction is an inverse function of the 
temperature af which the reaction is conducted. 
Condensation is complete after about rive hours 
af approximately 95 ° C. In some instances a 
reaction rime as long as about seven hours or 
as shortas about three-hours may be advan- 
tageous. 
The ratio of phenol fo aldehyde used is within 
the range ordinarffy used for producing an off- 
soluble resin from an alkyl- or aralkyl-substi- 
tuted phenol by reaction with an aldehyde (i. e., 
the molar ratio of phenol fo aldehyde is usually 
from about 0.5 fo 1) although either higher or 
lower ratios may be used in certain instances. 
iVost desirablF the molar ratio is between about 
0.65 and 0.6 based on the phenol used in the 
styrenation. 
The following example iffustrates the new 
process, but is hot to be construed as limiting 
the scope of the invention. 
An off-soluble phenolic resin is produced 
cording to the following procedure: 
Phenol (64.4 grains) and hydrogen chloride 
(1.'/ grains of about a 36 per cent aqueous solu- 
tion) are added fo a three-neck flask equipped 
with a dropping funnel, a stirrer, and a Y tube 
fitted with a reflux condenser and a thermometer, 
and the resulting mixture is heated fo 120 ° C. 
Styrene (104 grains) is added dropwise fo the 
flask over a period of about three hours; the 
temperature of the material in the fiask is main- 
tained af about 120 ° C. during the addition of 
styrene and for about one hour thereafter. The 
material in the fiask is then cooled to about 95 ° 
C. An aldehyde (61 grains of formalin that is 
about 37 per cent aqueous formaldehyde) and 
hFdrogen chloride (6.0 grains of an aqueous solu- 
tion that is about 36 per cent HC1) are added fo 
the flask and the reaction mixture is maintained, 
with stirring, af about 95 ° C. for an additional 
rive hours. The resuiting mixture is cooled and 
neutralized with NaOH; the water present is 
removed by vacuum distfllation. The resulting 
resin is a friable solid having a softening tem- 
perature of about 125 ° F. and a Gardner-Holt 
viscositF (when diluted with toluene fo about 60 
per cent solids) of F. This resin is soluble in 
drying oils such as linseed off. 
Having described the invention, I claire: 
1. A method of poducing an off-soluble 
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phenolic resin that comprises bringing fo a tem- 
perature of about 120 ° C. a mixture of phenol 
and hydrochloric acid, and maintaining the re- 
sulting mixture af about said temperature for 
5 approximately three hours during which rime 
styrene is added fo said mixture so that the mo!ar 
ratio of phenol to. styrene is 0.7:1, cooling the 
reaction products fo about 95 ° C., .adding hydro- 
chloric acid fo said reaction products, and then 
10 adding formalin in the ratio of about one mol 
of formaldehyde per 0.7 mol of phenol initially 
reacted, and maintaining the resulting mixture 
af approximately 95 ° C. for about rive hours. 
2. A method of producing an off-soluble 
15 phenolic resin which comprises (1) producing a 
crude aralkyl phenol by causing condensation of 
(a) 0.7 mol of a mononuclear monohydric phenol 
containing a total of not more than ten carbon 
atoms, any substituent being an alkyl radical 
20 in a meta position, with (b) 1.0 mol of a 2-aryl- 
1-alkene having from eight fo twelve carbon 
atoms in which the aryl substituent is mono- 
nuclear, bas ïrom six to ten carbon atoms, and 
has hot more than two substituents, each of 
25 which is an alkyl radical, i the presence of a 
strong mineral-acid catalyst of the groul con- 
sisting of hydrochloric, hydrobromic and phos- 
phoric, and (2) thereafter causing condensation 
of formaldehyde with the said crude product. 
30 3. A method as claimed in claire 2, in which 
the 2-aryl-l-alkene is styrene. 
4. In a method of producing an off soluble 
phenolic resin that includes (1) producing an 
aralkyl phenol by causing condensation of (a) 
35 a mononuclear monohydric phenol containing a 
total hot more than ten carbon atoms, any sub- 
stituent being an alkyl radical in a meta position, 
with (b) a 2-aryl-l-alkene having from eight fo 
twelve carbon atoms in which the aryl substit- 
4O uent is mononuclear, has from six to ten carbon 
atoms, and bas hot more than two substituents, 
each of which is an alkyl radical, in the presence 
of a strong mineral-acid catalyst of the group 
consisting of hydrochloric, hydrobromic and 
45 phosphoric, and (2) thereafter causing conden- 
sation of formaldehyde with the aralkyl phenol, 
the improvement which consists of using 0.'/mol 
of the phenol per mol of the 2-aryl-l-alkene fo 
produce a crude aralkylation product and there- 
5o after causing condensation of the aldehyde with 
the crude aralkylation product. 
5. An off-soluble phenolic resin produced bF 
the process of claire 1. 
ARTHUR S. TEOT. 
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